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Restoration of the genus Amana Honda (Liliaceae) based 
on a cladistic analysis of morphological characters 
ТАМ Dun-Yan 'ZHANG Zhen “LI Xin-Rong ‘HONG De-Yuan 


(Laboratory of Systematic and Evolutionary Botany, Institute of Botany, the Chinese Academy of Sciences, 
Beijing 100093, China) 
"(College of Forestry Sciences, Xinjiang Agricultural University, Urumqi 830052, China) 


Abstract Amana is a group in the Liliaceae (s.s.) confined to central and eastern China, 
Japan and Korean peninsula. This group is similar to Tulipa L. by having leaves 2-5 basal or 
cauline, flower usually solitary, erect, stamens 6, 3 longer, and anthers basifixed, but differs in 
having 2-3(-4) opposite or verticillate bracts at the upper part of the flowering stem and a 
longer style as long as ovary. It has long been in dispute if the Amana group should be 
included in the genus Tulipa or treated as an independent genus of its own. Based on both 
herbarium and field observations on the Chinese taxa of Tulipa (s.1.), particularly those in the 
Amana group, a cladistic analysis of 18 species (including 3 species from Turkey) of Tulipa 
was carried out in the present work. Twenty-eight morphological characters were used in 
unweighted pair-group method using the maximum parsimony (MP) tree construction 
executed with PAUP 4.0b4a program. The results show that Tulipa (s.1.) is not a monophyletic 
group but split into two clades: one is Amana group, and the other comprises Orithyia, 
Eriostemones, Leiostemones and Tulipanum. Our unpublished data of ITS and trnL-F 
sequences in 19 species representing five sections of Tulipa (s.l) also show that sect. 
Tulipanum, sect. Leiostemones, sect. Eriostemones and sect. Orithyia form one clade, whereas 
the Amana group and Erythronium form another clade. The Amana group is thus better treated 
as an independent genus. 

Key words Liliaceae, Tulipa, Amana, morphological character, cladistic analysis. 
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Sect. Tulipanum 
Tulipa julia K. Koch Denizli, Turkey D. Y. Hong et al. ([] [] (] [] ) H02219 (PE) 
T. agenensis DC. Giresun, Turkey D. Y. Hong et al. ([] ) H02206 (PE) 
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266 0 000 0 D 43[] 
2 П П 
Table 2 Morphological characters, their states and code numbers used in data matrix 
u U ü a 
No. Character Character states and their code numbers 
1 [] stem hairiness absent (0); present (1) 
2 Od number of leaves 2 (0); 3 (1); 24 (2) 
3 [] phyllotaxy O opposite (0); П alternate (1); [] [] other (2) 
4 [] [] cilia on leaf margin absent(0); [] present (1) 
5 [] /[] length/width of first leaf 20 (0); 0 20 (1) 
6 [] [] leaf hairiness absent (0); present (1) 
7 [] П present (0); absent (1) 
stomata of upper epidermis of leaves 
8 Od bracts absent (0); present (1) 
9 [] number of bracts absent (0); 2 (1); 3- 4 (2) 
10 [] number of flowers П solitary (0); D 1(1) 
11 [] [] adaxial colour of tepals O pink (0); 0. O ivory (1); yellow (2); П 0 
red (3) 
12 Od [] [] blotch at base of tepals present (0); absent (1) 
13 [] [] length/width of outer tepals 3(0); [] 3 (1) 
14 [] О ПП length/width of inner tepals 3 (0); [] 3 (1) 
15 [] Da0BOEU О 0 unequal (0); equal (1) 
length of filaments and anthers 
16 [] Og length of anthers OO equal (0); O 0 unequal (1) 
17 ПП [] [] length of filaments Od unequal (0); equal (1) 
18 ППППП filament base [] glabrous (0); [] O 0 0 ciliate (1) 
19 [] colour of pollen yellow (0); [ olivine (1); [] [] grayish-white 
(2) 
20 ПП style ЦППППП [] nearly as long as or longer 
than ovary (0); П od absent or shorter 
than ovary (1) 
21 [] fruit beak present (0); absent (1) 
22 [] colour of seed coat ПП filemot (0); henna (1); [] [] dusky (2) 
23 000/0 length/width of seeds [] 1.6 (0) ; [] 1.6 (1) 
24 [] [] tunics produced at the top П O absent (0); 0 D D present (1) 
25 ОООО 0 tunic texture П papery (0); O 0 0000 sub- or coriaceous (1) 
26 [1 [] П absent(0); [] present (1) 
hairiness of outer bulb sheath 
27 ППППППППП absent(0); [] present (1) 
ring of hairs at basal plate of bulb 
28 [] tepals during fruiting [] persistent(0); [] shed (1) 
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ble 3 The data matrix of 22 species and 28 morphological characters used for construction of cladistic trees 
П 
М№о. Species examined Code numbers of character states 
1 Gagea nigra 102010?11121000000000??01000 
2 G. stepposa 111111?12121000000000??00000 
3 Lloydia serotina 000010?120101100100001010000 
4 L. tibetica 021010?111210100110001010000 
5 Tulipa edulis 00001001 110000000000000001 11 
6 T. erythronioides 00000001200000000020000001 11 
7 T. anhuiensis 0000001 1200000000020000001 11 
8 T. heteropetala 0010000000210100000001100101 
9 T. heterophylla 0000000000210100001000100001 
10 T. dasystemon 0001000000100101010100101111 
11 T. buhseana 0110000001100101010110101101 
12 T. saxatilis 0010000001101101010102201101 
13 T. patens 0001000000100100011100101101 
14 T. sinkiangensis 0110000001200100100101110101 
15 T. iliensis 1211000000201101100111101111 
16 T. altaica 1111010000201100100111110111 
17 T. schrenkii 0111000000211110100110101111 
18 T. tarbagataica 1111010000201100100101101111 
19 T. tianschanica 0210000000201101100111101111 
20 T. kolpakowskiana 0210000000201100100112101101 
21 T. julia 021100000030111010210??00101 
22 Т. agenensis 021100000030111010210??00101 
3 00000 
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L. tibetica Lloydia 
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82 T. erythronioides | Amana 


T. anhuiensis 





70 T. heteropetala 


T. heterophylla 
5] T. dasystemon 
62 T. patens 
62 T. buhseana 
T. saxatilis 
800) 9(0) T. sinkiangensis Tulipa 
T. iliensis 
61 T. altaica 
T. tarbagataica 
54 T. schrenkii 
T. tianschanica 
T. kolpakowskiana 
98 T. julia 


T. agenensis 























[] 1 0000 18 ПП ПП 000 211000 
0 2000 
Fig. 1. Strict consensus cladogram of 48 most parsimonious trees calculated by heuristic search based on the data matrix of 
28 morphological characters of 18 species of Tulipa L.(s. l.). Numbers above branches indicate bootstrap values, black 
bars mapped on the clades refer to character and character states (Table 2). 
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Amana Honda in Bull. Biogeog. Soc. Jap. 6: 20. 1935; Hall, The Genus Tulipa 143. 1940; 
Hoog, Lilies and other Liliaceae 51. 1973. ——Tulipa sect. Amana Mao in Fl. Reip. Pop. Sin. 
14: 89. 1980; Tamura in Kubitzki: Fam. and Gen. Vascular Plants, III, Flowering Plants 
—Monocotylendons 351,1998. ——Tulipa subgen. Orithyia Baker in Journ. Linn. Soc. Bot. 
14: 277. 1874. p.p. 

Typus generis: Amana edulis (Miq.) Honda (1935)=Tulipa edulis (Miq.) Baker (1874) 
Orithyia edulis Miq. (1867) (lectotype, here designated). 
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Herbs perennial, bulbiferous. Bulbs ovoid, base truncate, sometimes elongated and 























tapering apically, covered with tunics; tunics dark brown or brown, papery or thinly papery, 
densely villous or glabrous inside. Stems branched or simple, slender, erect or ascending, 
glabrous. Leaves usually 2, opposite, rarely 3 and whorled, linear, oblong, lanceolate or 
oblanceolate, spreading, glabrous. Flowers solitary or 2-5, erect or nodding, small, 
funnel-shaped; bracts 2- 3(- 4), linear, opposite or verticillate; tepals 6, free; stamens 6, the 
inner 3 slightly longer than the outer ones; filaments glabrous, slightly dilated near the middle; 
ovary triquetrous, trilocular with numerous ovules; style as long as the ovary. Capsules 
ellipsoid to subglobose, apically obviously beaked. Seeds subtriangular, light brown. 

The genus Amana Honda differs from Tulipa L. in having two opposite leaves, 2- 3(- 4) 


opposite or verticillate bracts, a longer style as long as ovary, and fruit long-beaked. 
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